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Evolutionary Relationships among Metazoan Results and Discussion
Wnt Genes The multiple alignment was then used to construct phyPrevious phylogenetic analyses of the Wnt genes have logenetic trees of the Wnt gene family. We used three mainly focused on some phyla, such as chordates [5, different methods of phylogenetic reconstruction: maxi-6], echinoderms [7] , or insects [2, 8] , but no exhaustive mum parsimony (MP), maximum likelihood (ML, quartet analysis at the scale of the bilaterian animals (Bilateria) puzzling), and a Bayesian phylogenetic inference aphas been conducted so far. As a consequence, the evoproach, as described in the Experimental Procedures. lutionary history of the Wnt gene family remains elusive. We found 12 subfamilies that contain most of the cestral to Bilaterians. This would imply that members of this subfamily have been lost several times in both Wnt genes (Figure 1) . Eleven of these subfamilies have representatives in vertebrates, and, for that reason, we protostome and deuterostome lineages (as Wnt-A genes do not exist in chrodates, fly, and nematode). We used the vertebrate nomenclature to name these different subfamilies (Wnt-1, -2/13, -3, -4, -5, -6, -7, -8, -9/ have, however, to note that the association of the two closely related lophotrochozoan Wnt-A genes with the 14/15, -10, and -11). We investigated their evolutionary origin, given that the presence of orthologous seechinoderm and spider sequences is only poorly supported in our phylogenetic analyses ( Figure 1 ). As both quences both in deuterostomes and protostomes (ecdysozoans and/or lophotrochozoans) implies that a represea urchin and spider sequences consist of short PCR fragments, the confirmation of the ancestrality of the sentant of this subfamily was already present in the last common ancestor of the bilaterians, Urbilateria [9] , and Wnt-A subfamily will require the isolation of a longer sequence. We also note that the Wnt-A subfamily has gave rise to the subfamily. Eight out of the 12 Wnt subfamilies fulfill this criterion: Wnt-1, -2/13, -4, -5, -6, -7, a tendency to cluster in our phylogenetic analyses with the Wnt-8 subfamily (which only contains deutero--9/14/15, and -10 ( Figure 2) . Following similar reasoning, the Wnt-3 subfamily, whose orthologs are found both stomes genes). A simple hypothesis would hence be that Wnt-8 genes would represent divergent Wnt-A orin chordates and in the nonbilaterian hydra, originates before the divergence of bilaterians and cnidarians.
thologs. Likewise, the Wnt-11 subfamily, which is only found in chordates, could represent an additionnal anThus, at least nine Wnt gene subfamilies were already present in Urbilateria (Figure 2) . cestral subfamily or a divergent chordate-specific duplication of the Wnt-4 subfamily (Figure 1 ). One subfamily (named Wnt-A to avoid confusion with other Wnt genes) contains lophotrochozoan, echinoIn summary, our results point out the existence of 9-10 different types of Wnt genes in the last common derm, and spider Wnt genes (Figure 1 ). This subfamily may hence represent an additional Wnt type that is anancestor of Bilateria. In addition, the fact that the single cnidarian sequence cloned to date clusters with the A third aspect concerns our investigation of Wnt gene content in an annelid and a mollusc, which allows us to Wnt-3 subfamily rather than being orthologous to several bilaterian subfamilies strongly suggests that at least assess the relationships of lophotrochozoan Wnt genes with those of deuterostomes and ecdysozoans. Our some of these subfamilies were already established in the last common ancestor of Cnidaria and Bilateria, i.e., analysis indicates the existence of Wnt-1, -2, and -10 as well as Wnt-A (possibly Wnt-8; see above) in both earlier in metazoan evolution. We hence expect other Wnt genes to be found in cnidarians.
Patella and Platynereis, and Wnt-4 and -9/14/15 Platynereis members (Figure 2 ). These data confirm the existence of the Wnt-1, Wnt-4, and Wnt-10 subfamilies in Evolution of Wnt Genes in Bilaterians the ancestor of bilaterians, but most importantly, the set Several aspects of our analysis illuminate the evolutionof sequences isolated on Platynereis and Patella allows ary history of the Wnt gene family. First, there is no us to determine the ancestry of two subfamilies, Wntprotostome-specific subfamily and only one or two sub-2/13, which lacks an ortholog outside vertebrates, and families (Wnt-11 and maybe Wnt-8; see above) that are Wnt-9/14/15, which had only an ambiguous ortholog in specific to deuterostomes or chordates (Figure 2 Wnt-1,  -2, -7, -9) or fly (Wnt-4) have also occurred (Figure 2 was thus collected, of which a majority consensus was built. Marwere as follows: wg3w1/wg3c1 (or wnt10w1/Wntc1), followed by ginal probabilities at each node were taken as a measure of statistiwg3w2/wg3c2. Degenerated primer sequences are: wg3w1, gartgya cal support. The average discrepancy between the estimated probaartgycayggnatg; wg3c1, rcarcaccartgraangtrca; wnt10w1, aartgyaar bilities obtained in the two runs is 3% on average and never tgycaygg; wg3w2, ggiwsitgyacngtnmgnaaracntgytgg; and wg3c2, exceeded 10%, except at the base of the Wnt-1/-6/-10 group, for ckrtriccncknccrcarca. Six different Wnt genes were thus isolated which the values 63% and 78% were observed. The results obtained from Platynereis, and four were isolated from Patella. We also used from the two runs are thus consistent, so that we finally combined other degenerate Wnt subfamily-specific primers that failed to amthem by gathering the 4000 trees of the two samples. In addition, plify additionnal sequences. Nevertheless, additional Wnt genes we observed throughout the samples that the variable positioning may exist in both species, as we only made our PCR screens on of one particular sequence, CeMom2, tends to disrupt the resolution defined developmental stages. The 3Ј and 5Ј ends of some of the of a few nodes that are otherwise stable. This led us to first eliminate corresponding genes were amplified from staged cDNA libraries by the terminal branch leading to CeMom2 in each of the 4000 trees using vector-specific primers and gene-specific (nondegenerate) before computing the consensus. It should be stressed that, by primers. Primer sequences and experimental conditions are availusing this procedure, we only change which part of the total informaable upon request. PCR products were TA cloned into the PCR2.1 tion extracted from the data we decide to display, while leaving the vector (Invitrogen) and were sequenced on an ABI automated seprobabilistic inference completely invariant. (Table S1 ) and a numbers are available as Supplementary Material (Table S2) . Protein list of these sequences with their accession numbers (Table S2) is alignments were carried out by using ClustalW [19] 
